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SOME EFFECTS OF Pl?OPEILIJEROPERATION ON THE DISTRIBUTION

OF THE TJOA.DON THE VERTICAL TAIL SURFACE OF

A TYPICAL PURSUIT AZRPLANE,,.

By Harold H. Swe”berg and Richard C. IMngeldein

TIWF?ODUCTION

The pressure distribution had been measured at
several longitudinal sections of the vertical tail sur-
face of the Jurtiss P-kO!< air~lane in the NACA full-
scale ‘mnmel. The tests were made for’various angles
01’attack and an:;l.esof yaw with the propeller removed
and with the propeller o~;eratlng. ‘These tests were
incident.al to a similar investigation of the horj.zontal-
tail loadin[~,,the rcsu.ltsof which are reported in ref-
erence 2.. -

~h? data are .i,l~t,,..,~:~ed ~r~ma~l~~ to Show t]~e diS-
‘cributionaf normal-f’orce coefficient along the span of
the vertical tail surface uniter conditions simulating
fli~,ht. Some analysis has ?>eenmade of the effects of
propeller operation, on the dlst,ribution of the load on
the vertical tail surface.
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vertical -ta.i.lnormal force

vertical-tail section normal force

propeller torque

difference in local static pressure between right
and left surfaces of’vertical tail

free-stream dynamic pressure ‘

~Jelocity

density of a%r .

propeller rotational speed

area of vertical tail surface

propeller diameter

cb.ordof vertical tail

angle of attack of thrust axis relative to free-
atrea:mdirection, degrees

angle o.fyaw, degrees; positive when left wing
moves forward

propeller blade angle measured at 0.75 radius,
degrees

propeller advance-diameter ratio

angle of-stabilizer setting with respect to thrust
axis; gositive with trailing edge down

APp.qRAT?JSAND TESTS

The tests were cc.~ducted on the Curtiss P-~JOKair-
plane, which is a low-wing pursuit airplane weighing
7740 pounds and equioped with a V-171O-F4R Allison engine
rated at 1000 horsepower at an altitude of 10,8OO feet.
A three-view drawing noting the principal dimensions of
the airplane is presented in figure 1, and a photograph

●

of the airplane mounted in the NACA full-scale tunnel
is given as figure 2.
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Four rows of flush-type static-pressure orifices were
~.sedto obtain the pressure distribution over the vertical

- @&l-surj?ac”e.~ The” Iob’ation’df the Otifficesis shown in
figure 3. Inasmuch as ther,ewere no pressure orifices
located very near the leading edge, a metliod similar to
that described in reference 1 was used to obtain the.

.,

leading-edge pressure peaks.

A .gummaryof the complete test program is given in
table I. .Most of the tests were made with the propeller
operating under con.dit!.onssimulating rated power for an
altitude of 10,030 feet. The remainder of the test-s
were made with the pro-oeller removed and with the
propeller op~rating at other thrust and torque coeffi-
cients i-norder t?qatthe effects of propeller operation
on the tail load distribution might be determined. The
range of angle of yaw for these tests was 11OO. A few
force tests were also made to determine the variation of
lift coefficient with angle of attack of the airplane
with the propeller removed and operatin~:. The tunnel
airspeed for all the tests was 85 miles per hour.

A constant propeller-blade-angle setting of 35°
measured at the C,75 radius was used throu~hout the tunnel
tests. It was desired for the tests to reproduce the
torque coefficients obtained in flight and to simulate
the thrust coefficients as nearly as possible, inasmuch
as the sli.pstreaw.rotation was considered to have more
effect on the ‘{ertical-tail loadin~ than the increase in
local velocity due to the thrust” of the propeller. Wi th
the blade angle at ~~”, it was possible to reproduce the
torque coefficients of the constant-speed propeller and
to simulate very nearly the thrust coefficients. Fig-
ure ~ shows the variatj.on of blade angle and V/nD ,with
lift coefficient, and.figure 5 shows the variation of
Qc and Tc with’lift coefficier.t for the”constant-speed
propeller (flight oondition) and for the propeller
operating at constant blade angle. “The variation of
lift coefficient with ‘:,gleof attack of the airplane
with the propeller removed and with the propeller
eperati.ng at rated power at an altitude of 10,000 feet
is shown in figure 6.

.,,.

RESULTS AND DISCTJSS.ION.

A few typical chordwise pressure ti,stributions o,ver
the vertioal tail sl~.rfaceof the P-@Kairplaneare



.h-

shown in figures 7 to 10 for a Mft coefficient of 0.820.
The pressure distributions are given for four.2U2glC?SOf
~ya’w(* = 0°, 5°, 10°, and -10°) with. the propeller torque
coefficients varied from O to 0.036. The ’effects of
propeller operatfon alone on the ~hordwise pressure
distribution are shown directly in figure 7, in which
*,: o*. The leading edge of the fin was set

la to the left for these tests, so that the resultant

load was negative (load to the left) for the propeller-
removed condition, Propeller operation caused changes
in the load on the vertical tail In a positive direction
(load to the right). The changes in the pressure dis-
tributions that were measured over the upper two rows of
the vertical tail were approximately proportional to the
changes in torque coefficient; tinechanges in the pres.
sure distributions over the lower two rows, however,
were small and not consistent with the changes in torque
coefficient, probably because of the presence of the
fuselage boundary-layer flow.

The chordwise pressure-distribution measurements
have been lntegr”ated to obtain the variation of section
normal-force coefficient along the vertical-tail span..
The results of these integrations at three lift coef-
ficients for the airplane with propeller removed are
s~lo-tinin figure 11. i.
from 0° to 10°,

s the angle of yaw was varied
the section normal-force coefficients

measured on the lower row, which was blanketed by the
fuselage, changeclonly slightly. The lower portion of
the rudder will therefore be ineffective in producing a
stabilizing yawing moment as the airplane is yawed from
its neutral position. The maximum change in section
normal-force coefficient occurred along the row located
about halfway between the elevator hinge line and the
top of the fin. Similar normal-force distributions
have been neasured over the vertical tail of the P-.47B
airplane (reference 2).

The effects of propeller operation on the spanwise
distribution of’normal-force coefficient on the vertical
tail surface are shown in figures 12 to 15 for four
angles of yaw (~ = 0°, 5°, 10°, and -10°)0 N3r purposes
of comparison, the corresponding distributions for the
airplane with the propeller removed are included.
Propeller operation produced an increment of’ load on the
vertical tail to the ri ht,

f
regardless of the direction

ofyaw (compare figs? 1 and 15); this increment there.
fore resulted from changes in the local angles of attack
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1q of the vertical taj.1tb.at were due to ‘\he slipstream
jj{l rotation. The ef’fects of increases in the local\fio

$

velocity at”the tail due to increasea in the thrust
coefficient appear to be of lesser importance,

I

The, , ‘“
“g largest effects of propeller operation were’rneasuredat

~&

/1

the upper two stations and were most pronounced at the”
highest angles of yaw ().!~= ~lOo),r: Under these con- ~

jl,.j
dittons, there is a large concentration of the vertical-
tail load in a small region centering about the middle “,

/j of’the fin (figs. 14 and 15).

Computations of the total normal-force coefficients
on the vertical tail have “beenmade from the results of
the span load distributions. A summary of these com-
putations is presented in the last cclumn of ta”bleI for
all the test conditions. The variation of vertical-
tail normal-force coefficient with angle of attack of
the airplane w?len t’nepropeller was removed 5.sshown in
figure 16 for three angles of yaw. For the propeller-
removed.condition, the vertical-tail normal-force coef-
ficient decreased slightly with ir~creased angle of
attack , probably becauae of the upward displacement of
the wing and fuselage wakes with increasing angle of
attack.

The effect of propeller operation on the variation
of vertical-tail normal-force coefficient with angle of
yaw is shown i.nfi..gure17 for a lift coefficient of
0.29~ and in fi.~ure18 for a lift coefficient of 0.820.
The most notable effect shown fn these figures is that,
for the ~ange of propeller operating conditions used in
these tests, the slopes of the curves of

clTt
against

$ changed only slightly with Increased power; however,
at any particular angle of yaw the normal-force coef-
ficient increased positively as the power was increased.

j.
~ The d..ataof figures 17 and 18 have been cross-

j~ plotted in figure 19 to show the effects of slipstream
j rotation on the Vertical-tail normal-force coefficients.
0; The effects of increasing
1{

the thrust coefficient are
also included inasmuch as the thrust and the torque were‘/ varied together.,, These resu~ts further bring out the

tu point that, regardless of the direction of the initial
,, load on the tai~? ProPeller operation always resulted in

an increment of tail load tn a positive direction. AS
expected, the increase was largest for ~ v 10° ‘because
for this angle of yaw both the thrust and the torque

,.
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tended to increase the load in a posit5.ve direction.
For negative angles of yaw the >ncrease ~n axial velocity
due to the propeller thrust will tend to increase the
force on the,tail in the direction of the initial load
(negative), but the slipstream rotation due to the pro-
peller torque will tend to increase the load in a positive
direction for right-hand propeller operation. For the
ra~ngeof propeller-operating conditions simulated in
these tests (rated power at an altitude 01 10,000 ft),
the effects OY ?LnCre~SeS in torque coefficient are
predominant.

The results of measurer.e~tsmacle in the ITACAfull-
scale tunnel on a typjca.1pursuit airplane to ‘determine
the effects of propeller operation on the vertical-tail
load distribution showed the following:

1. Propeller operation caused an increment of force
on the vertical tail in a positive direction (force to
ri,ght) regardless of’the direction of the initial load
on the surface.

2. The largest effects of’propeller operation were
measured at a section located ,approxinnatelyin the
middle of the fin and resulted in a large conceritration
of the vertical-tail load at this section.

39 The distribution of the.load over the portion
of tblevertical tail tb-atis “olar-%et,ed‘bythe fusel_a2e
changed only slightl’yv-ith ckianges in either yaw angle
or propeller operati.ono

~. For the range of prope~~er-eperating conditions
of these tests, the slo:pesof the ourves of v9rtical-
tail nor-mal-foroe coefficient agai.~]stan,~leof yaw varied
onl~y sli;ht,lywith. increase in thrust and.torque coef-
ficients.
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5* The effe~ts 0:7increases In sllpetream rotation
res,ulting=,.frglai~larea:~.e~in propeller torque on the
vertical-tail loadir@’‘wer@ far more pronounced- than.th;.,.
effects of increases In the axial velocity tn the slip-
stream due to Increases in propeller thrust.

Langley lklemorialAeronautical. Laboratory,
National Adv2sewy Cem!aj.tteefor ~e~*onauttc9,

Langley-Field, Va,
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Figure 2.- The P-40,Kairplane mounted in the NACA full-scale tunnel.
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Fig. 7

Figure 7.- Pressure distribution at four sections of the
vertical tail of the P-40K airplane. CL , 0.’820;

* , oO*



NACA Fig. 8

Figure 8.- Pressure distribution at four sections of the
vertical tail of the P-40K airplane. CL ,0.820;

$ , 5°.
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Figure 9.- Pressure distributions at four sections of the
vertical tail of the P-40K airplane. CL j 0.820; ti ,1OO.
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Figure 10.- Pressure distribution at four sections of the
vertical tail of the P-40K airplane. CL , 0.820;

t, -100.



NACA Fig. 11

Figure 11.- Spanwise distribution of normal-force coefficient
on vertical tail surface. Propeller removed.
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NACA Fig. 12
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Figure 12.- Spanwise distribution of normal-force coefficient
on vertical tail surface. ~ , Oo.
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Fig. 13

Figure 13.- Spanwise distribution of normal-force coefficient
on vertical tail surface. V , 5°.



NACA Fig. 14
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Figure 14.- Spanwise distribution of normal-force coefficient
on vertical tail surface. * , 10o.



NACA Fig. 15

Figure 15.- Spanwise distribution of normal-force coefficient
on vertical tail surface. if,

.1OO*



Fig, 16

\.0
_?

I
+1

.+
c1.,.{
?-4t:+
GJf.:)
o

“

●4

.3

,2

●1

~

-0 2

-?3

1“” ~1— 1
-[ ----

i-’-’---”-”l-”’--”++----+-”--”+”-+--‘---

-...__L__l- -1_,....._/._.&.
i 1-~ ‘ An~le of

:U

‘-–-“-~”’-”--”“’”---—-~”––”
-t

-.—.. -,——-.,

-i-

.-–i--+_.._. ----..:.====
+

._.J_...-..+._______

!!/

---—.-,-;-.-.–.-i-..----+-----+------

f t

........—.

l’;-----------i.__...___..{._..-----.;___..-..—:_,____l______.
I

I I I
1....-_A~.=.=4.7”-:_::::!n.--:!

I ili
L....-+– ..+--..._—..-..—---,

!

~- --- ,j+..-...GL:==G,:==.,
I

i’

I..-----... L._—..__....._...--..-—-~ i

—----

—-—-

=-. .. . .-.—. .

-__— .

-.—.—..

..--.—, -

------.—.

-.—.
..-. ---...

.-— .-. .

- ----- ...-------

—----- .

.— -—

-. ..........

‘r:II
& I,..—______...__ ____

[

~~

—— —. ‘ ,_+_._/.._.

Tyaw, ~, deg
..—- .—

f––”’ “—– “~---”-

lq

-+

~
.-......,-.—-----,._.-----.._,-_

I -n

-------i---------...-.–-J----...../-
/1

~ ! I
“‘–—-q----------–--—f—— “--

, +1

~

.–:Q._.__,-.--—---+----.,.-.:====.
+-----

—.-..-.--——

~“
A

-—----+._—_. -. /...-—._... ...

{

::~:-----l--;

------—--------.-—.— .—---
--—-—_ 0

—

-—— __ -... .—.—.$

1.
r– ‘—–
~
I,. ___ __..,....._i-.-._._.

-t

-------’----}- I

--------,.___.’,.-

1 !- ----------—!
~ I
I— ......---.-.—----______I_ .—J...———

4 6 8

~i~g.m15.-VariatiOuof Vc;rtical-tailnormal-forcecoefficientwith
.aP.gIeof !att,ack. Prwpe.llerremoved.

1 Imlmlmlll 1111—— ..—.., ,, , ,.,, .-., .,, . . . . ... ...-. —--— .-. — . .—- —..



Fig. 17

.4 r .,.—___,-----........,,,
I

...—-..—----r —-.— _
(-&.._—–-—-_.__._. Propeller r~moved
A —. - .—-. .Q~ , 0.007’

, ~-_. -____..- Qc, . . J-J

,3 ~.–_..-.-_.__._ L_________________

I
I ~

I
I
j

,2 -...—.._-..._”_____,_’~-.-—.—-——
I /

I ~
j I

.1 -’---------------- ------~-.-.---.-–-----.-– ---—
,

I

3

-— .—-..—

---—+$--—— -----
/

/
//

,/’ //’/

/ ‘/’’”.. /f /’

I

Cj -------- -------------- .\......_.-_........ ... ... .. . .. _, .__+ .~_.__._._
1 ~,~<’1

,$ .,’// “,,.-~,I

8

I ! ?’/, Propeller
“/, ,./

.“/
~/I-, J\.– . ....--.. — . . .. . .. . ..... . . ...-..-<_>.:___ ,-—..-.--—- -------- .-. -—i

i
I

/

I ,’-’

1 <.. Qc

I
;/

/

“ 0.CX)7

“’~1~-’%”! I
-.2, ~_..__..-._7.f._..f/_..--_.-.._.__________ ,,..--.! –. ..

1 r
—.- ..--- _.__,

~ ‘:’/’, I

I ‘“/ ‘:,./ I
I /“ ,,.’ I/’

~.+ :7!- ..... ......
I

{- --–-..-.i- -------------------- -–- ---------------------- .-:...

1/ j
Li !

/
I I

1 I

i- ● ~15_ .....--.–—-..-v”–._..~- . .... .-..,__.___.-..._ .:_,_...::.....-_,_._.::. ..7-:5

Jhlgll?of ?-’, yf , deg

Nib-e 17.V Wfact Qf 13TOPJ31W operation on the vwi(atim of

vertical.-tai~ normal-force coefficient with angle
M yaw. c~, 9.294.

—.

1
— .——— --l

,9

/“////’//
–....-_.__-i_.L.

j ;/
‘// .

f’//
/’

/

--/ — . .-,..,-------- ._J/.,‘

.-----.. —._- .._ I
moved

--- .. ..... .. .. ,.____

—. —.. —---------

..-— ..---- ...... .. ,____.

. ..— — .— —-----
10

..



NACA

4

.>-, .. . . . .. .

.3

.2

-*2

>

!

-. 3’

-r 4

Fig. 18
-—.

1 I I I
@—-—------ Propeller removed
+-- - — tl~, 0.004
u“— ‘——-— Qc , .013
x-” -’ -- “-””------- QC, ”.036 -

——______

..——_.. -. ______ .

..———-. .. .. . .._ ...

--––--’---- -—--+—

/

,/

/

/’ /
/“

/ ;“
?‘‘ //&_~.. /

/
/“,,

/ /“

,/

.——.— --- ..

——.. _

——

.....—. ____________

.,”,-—..—.-..--..----..

Q~
M?04-”.>2 ‘

.
---——--.......... —...

/“
//

/
/’,i’ .013”;>/.

..L7d/-_ ,.,,
/ “ i
,/” ‘“.fj~~

—-,_ . . ... . .. .. .

.—____________

.1”

/

/
,/

.--.---.---l---+
///

/

/ //
/x’

“+
/..._—..._.----._.__._.—///“’ /’/ ,.// ,.//

,.:// //,,.—..<....... ---.
y~$’

.... proPelllr removed,,/“

i

+
..--.......... . .---- ,. --,- -,-

—..—..——

+-

-— —-—

...—------ _ ---

i

-lo -5 c1 5 10--
-Angleof yaw, ~ , deg

l?igure18.. Wfect of propeller operation on the variation of
V5rtiCal-’@il normal-force coefficie~ltwith
angle of yaw, CT,, 0m82~,



NMA Fig. X9

. . . .. .. ,,,.—.

.4

‘?.<

.2

.1
-w

*i
u

.1

.2

*3

.4

.——.e —. . . . . . .- - - —\---

$k
.—! .— —. —.. . . .

~ ~ ~ ] ~“---- ‘T

( 11
‘1 I

i___+ ...-..k_i–J._i-—..J......... Prigleof y~Y ~ Y ~ d~g
>./ ..-——.. ..

~
i ~~ 16— ‘—-

}
~-,-J-* ‘----“--’””-~-”------~----–”‘--- -

~..__-7_-._l
p=: -x , .

;Rjfi_.~:.~..4_.-r} . ...}___ ___

,.....——-L._--+.—..-.

I

I 1.

I
+-. -.—..—-.———-—.——..— -.-—.-.--.—.____

/ ~ I
i

i

t
I-i

:-------- ...---- .-J+..._
““-i-”--“””-”-f ‘“--- ‘--–--~--””---+--- ,----- + -

~/
!,, _~,. /5

,.. .... .

,

i

.-.---–+ ---- ‘~---- ,-----,..
.. I,e,.+=.+:=’-’’==~-=’’=:::-””:-~””-–-’---~’--”’--” ,’-”-”-–””-”

j x- --x’ ““.:.+~’

i,-..-,.-..<)~~[”--
ii i 1!_.__.+.. .. .._.+.. -*-----.---..(..----.--+ -----+----- . .-.--L---—-.-

i \ , I /
—..—.-—.

i!’

i--+

! ! lJo~o,
--....+.- +. ...-.-.~._-..J___#~.:__:;__-;.--------.~-. ...... I..-...... ..

;<,.1 I ~ =/+--”+=’- ~ ~ ‘1~—..—.-..c+2-*.-&--_&E:.-.-.
q j

-~------.-.}-.+ ----+...__,.._
Ii:i!,!i !

.—-----.-.

~
~,..-.-..4____._~_.__.._.\._._...._.~___J ~v—.--....:_________:_______

I

II
I I

‘r

j
.—--——---..

Wd 1
~ ii x--~--- 4-C~fL ,1~ofi

-.
p..-.-._:&_-___L ._-...-.[...__:?._.! ‘L ‘;::-~~ ---~..-—..--.-.-p.-------

[-
Ii

—— .--—------

1 i
~ i
1/!~...........~......._L....,,..../_...-__J_____ .....

! ~
I
I I

~-_.---.r,___...,___. ...t____

‘1

,
1— ‘ -10 ;

~_.__..+ __._~.._..::;<.< -::::_~::.::i...________________ ._._.,
I
~

i--- J5’ ‘ ; 1 ~ ! ~
i-—--p x->-- -_ -,

1,

{ I
I

I
!–i —.-......+.-.--.-——...-—+_--_.:L....___’-——..‘

{
.

[ 4
I

i! ,\.~
i------J-x-”‘ ~~

!
-j-.––—--r-----....+... i-~..—.— 1

1 l!
—-t---–T-– —--- d

I ~
!! I
L-..-_L_--..:L...-..-...j.__..-..L....-_._i..__..-~_.-lJ__ ___J
o ,01 .02 .03 *04 .05

‘torqueC.osfficient,Qc

Riare 19.- Yffectof slipstr~alnrotationon the vertical-tail
normal-force coefficient.



r 
TITLE: Some Effects of Propeller Operation on the Distribution of the Load on the Vertical 

Tall Surface of a Typical Pursuit Airplane 
AUTHORS): Sweberg, H. H.;  Dlngelrtein, R. 
ORIGINATING AGENCY: National Advisory Committee for Aeronautics, Washington, D. C. 
PUBLISHED BY: (Same) 

3 

^•u-Q- 72S1 

.JBB-4C13 
PICUSMKO AOCXCT CO. 

can 
March Unclass,        U. 8. E°R- 

PA03 
27 

UH3I3A1W9 

photos, tables, dlagxs. graphs 
ABSTRACT: 

Wind-tunnel test results show that propeller operation caused positive forces on 
the vertical tail regardless of the direction of Initial force.   Load distribution over 
the portion of the vertical tail blanketed by fuselage changed only slightly with changes 
In yaw angle or propeller operation.  Vertical-tail, normal-force coefficient curves 
against yaw angle varied only slightly with thrust and torque increase.   Slipstream 
rotation effects of torque were more pronounced than aMal-velocity Increase caused 
by thrust. 

DISTRIBUTION:   Request copies of tMs report only from Orlglnatinj; Agency 
DIVISION: Aerodynamics (2) 
SECTION: Stability and Control (1) 

ATI SHEET NO.:  R-2-1-33 

SUBJECT HEADINGS: 
Propellers - Aerodynamic effect (75477.5) 

Air Document* Division, IntoHlnonco Dopartmont 
Air Material Command 

Ain TECHNICAL INDEX Wright-Panoreon Air Force- 1 
Dayton, Ohio 




